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Abstract
AIM: To assess prospectively parameters of computed 
tomography perfusion (CT p) for evaluation of vascular-
ity of liver metastases from neuroendocrine tumors.

METHODS: This study was approved by the hospital’s  
institutional review board. All 18 patients provided in-
formed consent. There were 30 liver metastases from 
neuroendocrine tumors. Patients were divided into three 
groups depending on the appearance of the liver metas-
tases at the arterial phase of morphological CT (hyper-
dense, hypodense and necrotic). Sequential acquisition 
of the liver was performed before and for 2 min after 
intravenous injection of 0.5 mg/kg contrast medium, 
at 4 mL/s. Data were analyzed using deconvolution 
analysis to calculate blood flow (BF), blood volume 
(BV), mean transit time (MTT), hepatic arterial perfu-
sion index (HAPI) and a bi-compartmental analysis was 
performed to obtain vascular permeability-surface area 
product (PS). Post-treatment analysis was performed by 

a radiologist and regions of interest were plotted on the 
metastases, normal liver, aorta and portal vein.

RESULTS: At the arterial phase of the morphological CT 
scan, the aspects of liver metastases were hyperdense 
(n  = 21), hypodense (n  = 7), and necrotic (n  = 2). In 
cases of necrotic metastases, none of the CT p param-
eters were changed. Compared to normal liver, a sig-
nificant difference in all CT p parameters was found in 
cases of hyperdense metastases, and only for HAPI and 
MTT in cases of hypodense metastases. No significant 
difference was found for MTT and HAPI between hypo- 
and hyperdense metastases. A significant decrease 
of PS, BV and BF was demonstrated in cases of pa-
tients with hypodense lesions PS (23 ± 11.6 mL/100 g  
per minute) compared to patients with hyperdense le-
sions; PS (13.5 ± 10.4 mL/100 g per minute), BF (93.7 
± 75.4 vs  196.0 ± 115.6 mL/100 g per minute) and BV 
(9.7 ± 5.9 vs  24.5 ± 10.9 mL/100 g).

CONCLUSION: CT p provides additional information 
compared to the morphological appearance of liver me-
tastases.
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INTRODUCTION
Neuroendocrine tumors are rare[1], and are usually de-
scribed as having a slow rate of  progression. The pres-
ence of  hepatic metastases from neuroendocrine tumors 
is frequent (25%-90%) and has obvious implications for 
quality of  life (in the presence of  debilitating functional 
syndromes), which affects the overall prognosis[2]. The 
5-year survival rate depends on the presence of  hepatic 
metastases and represents an independent prognostic fac-
tor, such as tumor cell differentiation and complete resec-
tion of  the primary tumor[3]. Accordingly, the presence of  
hepatic metastases influences the strategies available for 
treatment. 

Neuroendocrine tumors are characterized by a dense 
and specialized capillary network[4]. This specificity has 
been commonly used for diagnosis on conventional and 
multiphase helical computed tomography (CT) scanning 
with contrast enhancement. Currently, various patterns of  
enhancement have been described on contrast-enhanced 
CT scanning, which suggest that the angiogenesis process 
is variable among liver metastases of  neuroendocrine tu-
mors[3]. CT perfusion (CT p) is a technology that allows 
quantitative assessment of  various parameters, such as 
tumor blood flow (BF), blood volume (BV), mean transit 
time (MTT), and permeability-surface area product (PS). 
CT p is currently used for brain, lung, and head and neck 
tumors. 

The purpose of  our study was to describe, prospec-
tively, parameters of  CT p in evaluating the vascularity of  
tumors in different aspects of  liver metastases from neu-
roendocrine tumors.

MATERIALS AND METHODS
Selection 
This prospective single center study included patients with 
pathologically proven liver metastases from neuroendo-
crine tumors, during the period between February 2007 
and January 2008 at the Department of  Gastrointestinal 
Imaging of  the University Hospital Edouard Herriot, 
and for whom liver CT scanning was performed. Patients 
without adequate renal function (creatinine clearance < 
50 mL/min), allergy, liver metastases not detected by non-
contrast enhancement CT, non-cooperative patients, and 
patients with dyspnea were excluded from the study. 

Patient population/study cohort
The study cohort included 10 men and eight women (age 
range: 38-81 years; mean age: 55 years).

The site of  the main tumor was either gastrointestinal 
(n = 8), pancreas (n = 6), kidney (n = 2), lung (n = 1) or in-
determinate (n = 1). All patients had a well-differentiated 
neuroendocrine tumor; digestive tumors were all classified 
as group 2 according to WHO 2000 criteria (well-differ-
entiated endocrine carcinoma)[5], lung tumor as atypical 
carcinoid tumor, and other tumors as differentiated neu-
roendocrine tumors by a referent pathologist. Seventeen 
out of  18 patients benefited initially from surgical excision 

of  the primary tumor and were in the course of  additional 
treatment. Our institutional review board approved the 
study, and all patients gave their informed consent.

The cohort was divided into three different groups 
depending on the aspect of  liver metastases at the arterial 
phase of  the CT scan in comparison with background 
liver parenchyma; two of  the groups being patients with 
hypodense liver metastases (n = 4) and hyperdense liver 
metastases (n = 12). If  the lesion has a cystic element, the 
third group classified patients as having necrotic liver me-
tastases (n = 2). 

CT p technique 
CT p of  the liver was obtained to estimate the following 
parameters in metastases of  neuroendocrine tumors and 
the background liver: BF, BV, MTT, hepatic arterial perfu-
sion index (HAPI), and capillary PS[6,7]. CT p of  the liver 
was performed with a 32-section multi-row CT scanner 
(Light Speed; GE Medical Systems, Milwaukee, WI, USA). 
A non-contrast CT scan of  the liver was obtained to lo-
calize the tumor for further investigation by dynamic scan-
ning. A 4-cm region of  interest (ROI) was selected and dy-
namic scanning of  this area was performed at a static table 
position 5 s after initiation of  intravenous injection. The 
scanning was made at breath-holding after deep inspira-
tion. A total of  0.5 mg/kg non-ionic iodinated contrast 
medium (Xenetix; 350 mg/mL iodine; Guerbet, France) 
was injected at a rate of  4 mL/s through an 18-gauge 
intravenous cannula. The following CT parameters were 
used to acquire dynamic data: 1-s gantry rotation time, 
80 kVp, 100 mAs, acquisition with 8 sections per gantry 
rotation and 5-mm reconstructed section thickness. Scan-
ning was initiated after a 5-s delay from the start of  the 
injection, and images were acquired for a total duration of  
120 s: 40 acquisitions with 1 rotation/s during 40 s, 10 ac-
quisitions with 1 rotation/2 s during 20 s, and 12 acquisi-
tions with 1 rotation/4 s during 60 s, to limit the radiation 
dose.

Data analysis
Data were processed at a workstation (Advantage Win-
dows 4.0; GE Medical Systems) with CT p software (GE 
Perfusion 3.0) by an experienced radiologist in the field 
of  abdominal imaging. This software is based on the 
mathematical models of  Johnson and Wilson. Function-
al maps were obtained by displaying images at an appro-
priate window and filter, placing an ROI in the aorta and 
portal vein manually to provide reference arterial and 
portal vein curves. Functional maps of  BF, BV, MTT, PS 
and HAPI were generated and were displayed in a range 
of  colors. ROIs for tumors (range: 28-1333.3 mm2) and 
background liver parenchyma (range: 41-1118.5 mm2) 
were hand drawn.

Statistical analysis
The value of  BF, BV, HAPI, PS and MTT for each ROI 
of  liver metastases and background parenchyma were 
recorded. Data were compiled in an Excel 2003 database 
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to calculate the mean, SD and variance of  each parameter. 
One-way ANOVA was used to compare the difference in 
CT p parameters between hepatic metastases from neuro-
endocrine tumors and the background liver. In addition, 
ANOVA was used to compare CT p parameters between 
the three subgroups. Statistical analysis using Student’s t 
test was performed to calculate the P value for each com-
parison. P ≤ 0.05 was considered to indicate a statistically 
significant difference.

RESULTS
CT p parameters of liver metastases of neuroendocrine 
tumors vs normal liver parenchyma
In the cohort of  18 patients, the CT scan aspect of  liver 
metastases of  neuroendocrine tumors in the arterial 
phase (scanning after 30 s from the injection of  the con-
trast material) was hyperdense (n = 21), hypodense (n = 7), 
and necrotic (n = 2). The average size of  liver metastases 
was 35 ± 23.5 mm (range: 11-89 mm). A CT p scan could 
not be performed on two patients due to technical prob-
lems (a delay starting the acquisition). These two patients 
were subsequently excluded from the study. Comparison 
of  CT p parameters between hepatic metastases from 
neuroendocrine tumors and the background liver was 
performed.

Overall, liver metastases from neuroendocrine tumors 
demonstrated higher CT p parameters (BF, BV, PS) than 
the background liver (Table 1). There was a significant 
difference in perfusion parameters between liver metas-
tases and the background liver (P < 0.05). In cases of  
necrotic metastases, none of  the CT p parameters were 
changed.

MTT was equal to 11.4 s (SD: 3.6) for the metastases 
group and 15.2 s (SD: 3.3) for the parenchyma group (P 
< 0.001). There is an increased arterial perfusion in he-
patic metastases of  neuroendocrine tumors with HAPI 
equal to 0.66 ± 0.21 for metastases and 0.21 ± 0.17 for 
the background liver (P < 0.001).

Comparison of CT p parameters between patients with 
hyperdense and hypodense liver metastases in the 
arterial phase of the CT scan
Mean HAPI was similar in both hyperdense (0.67 ± 
0.14) and hypodense ( 0.64 ± 0.35) liver metastases. The 
mean BF and BV parameters were lower in patients with 
hypodense liver metastases compared to those with hy-
perdense liver metastases (BF: 93.7 ± 75.4 mL/100 g per 
minute vs 196.0 ± 115.6 mL/100 g per minute; BV: 9.7 ± 
5.9 mL/100 g vs 24.5 ± 10.9 mL/100 g). MTT was not 
significantly different when comparing hypodense and 
hyperdense liver metastases (11.7 ± 4.7 s vs 10.7 ± 2.9 s). 
Permeability was 13.5 ± 10.4 mL/100 g per minute (hy-
podense liver lesions) vs 23 ± 11.6 mL/100 g per minute 
(hyperdense liver metastases).

Necrotic liver metastases from neuroendocrine tumors
Two patients of  our cohort presented with necrotic liver 

metastases from neuroendocrine tumors. Their curves of  
contrast enhancement had a null slope. On the paramet-
ric maps, HAPI was equal to 0.36 ± 0.03, BF was 20.2 ± 
0.2 mL/100 g per minute, BV was 2.2 ± 0.4 mL/100 g, 
MTT was 14.2 ± 1.4 s, and PS was 1.7 ± 1.1 mL/100 g 
per minute.

DISCUSSION
The results of  our study were significant. Comparison 
between metastases and normal liver parenchyma dem-
onstrated a significant increase in BV, BF and PS, and a 
lower MTT within the lesions (P < 0.05) compared to 
the normal liver.

Quantification of  various parameters of  vasculariza-
tion of  liver metastasis showed a significant increase 
in tumor perfusion compared to that of  normal liver 
parenchyma. These results seem similar to those found 
previously[8,9]. Sahani et al[8] have analyzed the param-
eters of  perfusion in cases of  hepatocellular carcinoma 
(HCC) and have found significant differences between 
measures performed within the lesion compared with 
the non-tumoral liver parenchyma. Although HCC and 
liver metastatic lesions from neuroendocrine tumors are 
considered to be hypervascular on dynamic imaging, a dif-
ference in their CT p parameters seems apparent, which 
could help in the differential diagnosis of  the hepatic le-
sions. Fabiano et al[10] and Wang et al[11] also have found 
differences between the values of  the CT p parameters 
of  benign and malignant liver lesions. Fournier et al[12] 
have previously identified differences in CT p values be-
tween regenerative and dysplastic carcinomatous nodules, 
which allowed early detection of  HCC. Tsushima et al[13] 
have performed a comparative study to evaluate CT p 
of  HCC and liver metastases of  colorectal origin. All 
the lesions were hypervascular compared to normal liver 
parenchyma, but HCC presented with arterial perfusion 
that was superior to that of  colorectal metastases (0.94 ±  
0.26 mL/min per milliliter vs 0.67 ± 0.33 mL/min per 
milliliter, P = 0.03).

BV and BF of  normal liver parenchyma in our study 
were different to those found in the study of  Sahani  
et al[8] (BF: 57 ± 38.3 mL/100 g per minute vs 14.9 ±  
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Table 1  Computed tomography perfusion parameters of me-
tastases from neuroendocrine tumors and background liver

CT p parameters Liver metastases from 
neuroendocrine tumors

Background 
liver

P  value

BF (mL/100 g per 
minute)

  170.5 ± 114.9   80.6 ± 38.3   < 0.001

BV (mL/100 g)   20.8 ± 11.8 13.9 ± 6.7 < 0.01
PS (mL/100 g per 
minute)

  20.9 ± 11.8 15.9 ± 6.6 < 0.05

MTT (s) 11.4 ± 3.6 15.2 ± 3.3   < 0.001
HAPI   0.66 ± 0.21   0.21 ± 0.17   < 0.001

CT p: Computed tomography perfusion; BF: Blood flow; BV: Blood 
volume; MTT: Mean transit time; HAPI: Hepatic arterial perfusion index; 
PS: Permeability-surface area product.
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2.8 mL/100 g per minute; BV: 13.9 ± 6.8 mL/100 g vs 2.6 
± 0.9 mL/100 g). These differences were explained by 
the existence of  underlying cirrhosis in patient with HCC. 
Fibrosis of  the liver parenchyma involved an increased re-
sistance vascular network, thus revealing a fall in BF and 
BV. Guan et al[14] have identified in an animal study, modi-
fication of  the CT p parameters in the liver between dif-
ferent stages of  hepatitis, fibrosis and cirrhosis. Van Beers  
et al[15] also have shown in a human study, decreased 
BF, and increased HAPI and MTT (P < 0.05) in cases 
of  cirrhosis compared to a normal population with a 
strong correlation between these modifications and the 
severity of  cirrhosis (Child-Pugh class A, B and C). The 
increased HAPI should be explained by the development 
of  secondary hyper-arteriolization and the presence of  
portal hypertension. In our patients with liver metasta-
ses from neuroendocrine tumors, five presented with 
hypodense lesions (31.25%) and 11 with hyperdense le-
sions (68.75%), which was similar to other findings in the 
literature[3]. Comparison of  metastatic disease according 
to its hypodense or hyperdense aspect demonstrated de-
creased tumor perfusion for the hypodense lesion (BF: P 
< 0.05; BV: P < 0.01). A correlation between the hypo- 
or hyperdense aspect of  neuroendocrine liver metastases, 
their microvascular index of  density, and their degree of  
tumor differentiation has already been demonstrated[3]. 
Therefore, the CT p parameters of  tumor vascularization 
could represent a prognostic factor and should be con-

firmed by the realization of  a prospective study that cor-
relates CT p and histological data with a survival curve. 
Values of  HAPI, which have not been systematically 
calculated in published studies, could be altered by the 
presence of  portal hypertension or portal vein thrombo-
sis. In our study, the HAPI of  the normal parenchyma 
measured 0.21 on average, which corresponds to the ar-
terial part of  hepatic vascularization[16]. Neuroendocrine 
liver metastases mainly develop with an arterial network 
(HAPI: 0.66)[17-19]. Thus, our study showed that all neuro-
endocrine liver metastases were hypervascular and arterial 
(Figure 1). Furthermore, HAPI seemed to be similar for 
hypodense and hyperdense liver lesions (0.67 and 0.64). 
Therefore, hypodense liver metastases from neuroendo-
crine tumors also have preferential arterial vascularization 
identical to that of  hyperdense metastases. 

Even if  neuroendocrine liver metastases are hypodense 
by double-phase CT scanning, these lesions have the same 
type of  arterial network but have lower CT p parameters; 
probably because of  architectural differences from the 
network of  neo-microvascularization due to different 
neoangiogenesis.

In cases of  neuroendocrine metastases with necrosis, 
perfusion parameters could not be measured, due to the 
lack of  vascularization in the necrotic area (Figure 2).  
Nevertheless, CT p has some limitations. The volume 
of  exploration is limited by the width of  the detectors, 
which is generally 4 cm. The selection of  the metastatic 
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Figure 1  Functional maps of hepatic arterial perfusion index for a hyperdense metastasis from a neuroendocrine tumor (A-C).
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area and the portal vein section for comparison are oper-
ator dependent, thus, this technical constraint could limit 
lesion detection. 

Standardization of  CT p values allowed minimization 
of  variations due to cardiac output and circulating BV. 
This standardization is not available at present for com-
mercial software. It was recently proposed by Miles et al[20]  
and the principle is similar to that used for positron emis-
sion tomography, with the standardized perfusion value 
(SPV), such that SPV = tissue perfusion/total body 
perfusion. This requires knowledge of  the dose of  con-
trast agent injected and the body weight of  the patient. 
Recently, Goh et al[21] have compared the CT p parameters 
of  colorectal tumors in 44 examinations performed with 
two different commercial software packages, and have 
identified a lack of  reproducibility for the different values. 
Commercially available softwares do not use the same 
mathematical models for calculation, and are not thus in-
terchangeable. However, it does seem possible to apply a 
factor of  correction according to the software used. 

Therefore, CT p seems to be promising for exploring 
diffuse hepatic disease such as fibrosis and cirrhosis[14,15]. 
Furthermore, CT p seems to be attractive for the diagno-
sis and follow-up of  focal liver lesions. CT p has demon-
strated increased arterial flow within macro-metastases in 
numerous studies[22].

In 2001, a small animal study demonstrated that the 
presence of  micro-metastases of  the liver decreased the 
portal flow by up to 34%, and increased MTT up to 25%, 
which was explained by increased resistance in the sinu-
soids[23]. 

In 2005, Kan et al[7] performed a small animal study 
that demonstrated significant modification of  BV, BF 
and PS of  intrahepatic lesions at days 1 and 14 of  daily 
antiangiogenic treatment, but without correlation with 
the microvascular index of  density. One of  the hypoth-
eses could be modification of  the number of  circulating 
microvessels with the appearance of  non-functional ves-
sels and not the total number of  microvessels. In 2006, 
Meijerink et al[24] measured the BF of  primary lesions 
(melanoma, fibrosarcoma, mesothelioma, osteosarcoma, 
colorectal carcinoma) and of  hepatic, pleural, mediastinal 
and pelvic secondary tumors before and after treatment, 
by association of  a vascular endothelial growth factor re-
ceptor inhibitor and an epidermal growth factor receptor 
inhibitor in a phase Ⅰ clinical trial. The arterial BF was 
decreased in 12 out of  13 patients. CT p should be one 
of  the tools that are indispensable for evaluation of  anti-
angiogenic treatment, as well early detection of  patients 
who respond well to such treatment. 

However, the approach of  using CT p imaging of  
liver metastases from neuroendocrine tumors highlighted 
some disadvantages. First of  all, we did not estimate the 
reproducibility of  the technique, which has already been 
demonstrated in the literature[6-8]. Second, we did not 
study the reproducibility of  the intra- and inter-operator 
values because a single radiologist did the post-treatment 
analysis of  the CT p. Strong agreement of  the intra- and 

inter-observer values has already been demonstrated for 
the quantification of  CT p in colorectal tumors[9]. Finally, 
only a relatively small number of  patients were included 
in our study because of  limited time of  inclusion and the 
low incidence of  this pathology. 

Furthermore, our study demonstrated the arterial pre-
dominance of  the neo-microcirculation of  the neuroendo-
crine liver metastases, and the advantage of  chemoembo-
lization could be extended to all the hyper- and hypodense 
lesions. Recent studies have demonstrated the advantages 
of  CT p for detection of  rectal tumors in patients who 
respond well to chemotherapy and radiotherapy, by com-
paring BF and MTT (P < 0.05). CT p could be used in 
the evaluation of  antiangiogenic treatment of  liver me-
tastases[25,26].

Neuroendocrine tumors constitute a homogeneous 
group of  tumors that are disseminated within the body, 
which are characterized by their histological and biological 
properties. Liver metastases of  neuroendocrine tumors 
are frequent, which is one of  the main factors for poor 
prognosis. CT p is useful for characterization of  liver me-
tastases of  neuroendocrine tumors, especially those that 
are hypervascular.

As in any neoplastic lesions, neoangiogenesis plays an 
essential role in tumor growth and the response to various 
therapeutic options. Quantification of  tumor angiogenesis 
without an invasive procedure is essential in oncology for 
the characterization and staging of  the lesions[27].

CT p is a feasible technique for quantification of  tu-
mor vascularity and angiogenesis in liver metastases of  
neuroendocrine tumors. CT p could help in the future to 
identify subgroups of  patients who could benefit from 
antiangiogenic therapy and help clinicians to choose the 
most appropriate treatment. Another challenge is to es-
tablish the accuracy of  CT p to evaluate prospectively 
therapeutic efficacy.

COMMENTS
Background
Neuroendocrine tumors are characterized by their histological and biological 
properties. Liver metastases of neuroendocrine tumors are frequent, and are 
one of the main factors for poor prognosis. Computed tomography perfusion  
(CT p) is useful for characterization of liver metastases of neuroendocrine tumors, 
especially those that are hypervascular, which constitute a homogeneous group 
of tumors that are disseminated throughout the body. 
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from neuroendocrine tumors is frequent (25%-90%). CT p is a technique that al-
lows quantitative assessment of various parameters, such as tumor blood flow, 
blood volume, mean transit time, and permeability-surface area product. 
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